Summary
Mice from a colony with subclinical Tyzzer's disease were treated with prednisolone in order to activate a Bacillus piliformis infection. From the livers of these mice the organism was isolated and serially passaged in embryonated eggs. It resisted heating at 7SoC for 20 minutes and was still infective after storage at -80°C for 24 days, but not for 52 days or more. Infectivity was maintained for more than a year by storing infectious liver tissue at -190°C. B. piliformis was also isolated from the liver of a mouse with naturally-occurring Tyzzer's disease and maintained for more than 300 passages. Mice inoculated with different egg passages developed fatal Tyzzer's disease and B. pili/armis was reisolated from their livers.
Tyzzer described in 1917 a fatal epizootic disease in Japanese waltzing mice, characterized by multiple necrotic lesions of the liver. The infection was diagnosed by the presence of pleomorphic, sporeforming Gram-negative bacilli, which were found intracellulary in apparently intact hepatic cells bordering the necrotic areas. The organism in question was called Bacillus piliformis by Tyzzer. The disease has since been reported in other laboratory mice and in laboratory rabbits, monkeys, gerbils, rats and hamsters (Ganaway, Allen & Moore, 1971a) , as well as muskrats (Karstad, Lusis & Wright, 1971 ), cats (Kovatch & Zebarth, 1973 ), horses (Hall & Kruiningen, 1974 Harrington, 1975; Pulley & Shively, 1974) , and dogs (Qureshi, Carlton & Olander, 1976) .
Despite repeated efforts, B. piliformis has not been successfully cultured in cell-free media. Rights, Jackson & Smadel (1947) cultured the organism in embryonic mouse culture but, after the first passage, the organism lost its pathogenicity for mice. Craigie (1966 ), Carter, Whitenack & Julius (1969 and Ganaway, Allen & Moore (1971b) isolated and propagated B. piliformis in embryonated eggs.
Tyzzer's disease is an important disease in laboratory mice, but did not receive much attention until 10-15 years ago. Personal observations indicate that B. pillformis infections are more widely distributed than has generally been recognized, and that there is a need for further studies on the disease and the distribution of subclinical infections in different colonies of laboratory animals. The present study deals with activation of a subclinical B. piliformis infection in mice, the isolation and propagation of the organism in embryonated eggs, and the conditions necessary for maintaining the microorganism in a viable state.
Materials and methods

Isolation and propagation
Livers were collected aseptically from diseased mice. Glass homogenizers (Potter Elvehjelm, B. Braun, Melsungen, W. Germany) were used to prepare 10% (w/v) liver suspensions in sterile phosphate-buffere8 saline (PBS), pH 7'2, saline or Hanks' solution. 6-9 day embryonated eggs were each inoculated via the yolk sac with 0,1-0'5 ml of these materials, and incubated at 37-38°C. Viability of the embryos was determined by candling prior to, and 3 times daily after, inoculation. Embryonic death within 24 hours of inoculation, was disregarded. The yolk sacs were harvested, placed in 5 ml prescription bottles, immediately frozen and stored at -80°C. Yolk sacs were examined for bacteria by microscopy of smears and inoculation of blood-agar plates and nutrient broth. Yolk sac suspensions (20% wJv in Hanks' solution) were prepared by vigorous shaking in prescription bottles with glass beads.
Microscopic examination
Smear preparations were air dried, fixed in methanol and stained with Giemsa stain. Staining for spores was carried out on air-dried preparation fixed in a 2:I methanol-chloroform mixture, washed with chloroform and dried (Craigie, 1966) .The dry slidewas flooded with an aqueous solution of malachite green (90% saturated) and heated to steaming point 4 times. After washing with running tap water for I min the preparation was counterstained with 0,5% safranin for 1 min.
Transmission studies BALB/c/A/Bom specified-pathogen-freemice were used for the transmission of the organism from yolk sacs to mice. The breeder colony Gl. Bomholtgard Ltd (DK-8680 Ry, Denmark) is checked routinely for absence from ectoparasites, endoparasites, Salmonella spp., Pasteurella sp., Bartollella sp., B. piliformis (Tyzzer) , polyoma virus, ectromelia virus, and mycoplasmata. Each mouse received 0,1-0'2 ml yolk sac suspension (5-10% w/v) intravenously, and ]-2 mg prednisolone subcutaneously for 1-3 days, commencing 24 h before infection.
The mice were housed in polycarbonate cages in a conventional animal room with heating, but without ventilation, and were fed with pellets ad libitum (Rostock Mixture, Korn og Foderstofkompagniet A/S, Llidersvej, DK 2100 Copenhagen, Denmark).
Fries
Mice from a conventionally bred stock originating from Ssc:CH were used to maintain B. piliformis by passage inoculations.
Storage of infective materials in liquid nitrogen
To suspensions of infected liver in PBS (30% w/v) was added 0, 7,5 or 15% glycerol. The suspensions were filled in plastic tubes (A/S Nunc, DK-4000 Roskilde, Denmark), diameter 3 mm, as used for deep freezing of semen. Small pieces (5 x 5 x 5 mm) of infected liver were placed in 10 mm diameter, screw-capped plastic tubes (A/S Nunc). Different freezing rates were obtained by placing the tubes directly in the liquid nitrogen or at a distance of 10 em for 20 min from the surface of the nitrogen. The stored materials were tested for infectivity by inoculations in mice treated with prednisolone (2 mg subcutaneously). bacteria, as did provISIon of sulfaquinoxalinetreated drinking water (320 mg per I) to the mice. B. pilifarmis was also present in the yolk sacs of a group of chick embryos which died 4-8 days after inoculation with infected liver suspensions, but they were all contaminated with an enteric streptococcus.
In an attempt to kill these contaminants without also killing the spores of B. piliformis, suspensions of yolk sacs in saline were heated for varying periods at 65 or 75°C; the heat-coagulated material produced at the higher temperature was subsequently digested with trypsin (2'5 mg Difco trypsin, 1:250/ml suspension). 
65°C, 30 min
Egg-mouse-egg passages Yolk sac suspension (0'1 ml) from the 6th serial passage was injected intravenously into each of 10 mice which were treated with prednisolone; 6 mice died 6-7 days later, and the remainder were killed on day 7. The characteristic liver lesions were present in all 10 mice, and B. pilifarmis was seen in smear preparations. No control mice which were treated only with prednisolone died, and when they were killed on day 7 no liver lesions were found. B. pili/ormis was also present in the yolk sacs of As shown in Table 1 , heating at 65°C for 30 min failed to kill the streptococci, but a pure culture of B. pilifarmis was obtained from 2 of 15 embryos inoculated with material heated at 75°C and digested with trypsin. This culture was maintained by 18 serial passages in eggs; embryos dying from the infection usually showed liver lesions and cardiac lesions were occasionally found. B. piliformis was present intracellularly in yolk sac epithelial tells, hepatic cells and, when cardiac lesions were present, in cardiac cells.
Bacilli and spores from embryonated eggs resembled those described by Craigie (1966) and Ganaway, Allen & Moore (1971a).
Infective material from a clinical case of Tyzzer's disease
From a conventionally bred colony of mice, where outbreaks of Tyzzer's disease are observed at intervals, 50 old mice were received for post-mortem examination. One mouse showed signs of Tyzzer's disease, and smear preparations from liver lesions showed large numbers of B. piliformis. A liver suspension was immediately prepared and inoculated into mice treated with 2 mg prednisolone subcutaneously. Liver lesions were found in a mouse that died 7 days later, and smear preparations disclosed numerous organisms. Since then the B. pilifarmis strain has been maintained by serial passages in mice for 3 years, involving 320 serial passages. By varying the concentration of infected liver in the suspensions and the prednisolone treatment it was possible to vary the time of death of the mice between 31 hours and 7 days.
Experiments and results
Activation of a subclinical B. pilifarmis infection
In the winter of 1972-73 Tyzzer's disease occurred in conventionally bred Ssc:AH mice used for experimental studies at an institute in Copenhagen. Mice, 4-6 weeks old, from the colony received 2 mg prednisolone subcutaneously on days 1 and 3. Usually some mice died 4 to 6 days later. If the characteristic liver lesions were found, and B. pilifarmis was demonstrated in smear preparations, the remaining mice in the group were sacrificed. Livers with many lesions were collected and suspensions containing numerous organisms were inoculated into embryonated eggs.
Isolation and serial passage in embryonated eggs B. piliformis was demonstrated in smears from yolk sacs of embryos which died 4-6 days after inoculation. All the eggs were contaminated with various enteric bacteria: addition of chloramphenicol (0.5-5 mg per ml) or dihydrostreptomycin to the liver suspensions failed to prevent the growth of these Tyzzer's: isolation and propagation eggs inoculated with suspensions of the infected mouse livers.
The stability of B. piliformis at low temperature Initial attempts to isolate B. piliformis in embryonated eggs from diseased livers stored at -20°C were without success. A suspension of yolk sac material from the 13th serial passage stored 24 days at -80°C was inoculated intravenously in 9 mice treated with prednisolone: 2 mice died 5 days later, and the remainder were then killed. All the mice had liver lesions, and B. piliformis was observed by microscopy.
Another group of mice were inoculated with the same material after storage at -80°C for 52 days. When the mice were killed 5 days later no liver lesions or B. piliformis were found.
Storage in liquid nitrogen
The best results for maintaining infectivity by storage in liquid nitrogen were obtained by placing small pieces of infected liver in plastic tubes directly in the liquid nitrogen. By this method the material remained infective to mice for more than a year.
Discussion
Contamination by enteric bacteria causes difficulties in the isolation of B. pili/ormis. Adminitration of sulfaquinoxaline failed to prevent the entry of bacteria into liver tissue, although Ganaway, Allen & Moore (l971b) have reported success with this treatment and by the addition of chloramphenicol to the liver suspensions. Neither chloramphenicol nor dihydrostreptomycin prevented growth of enteric bacteria in inoculated eggs in the present experiment.
According to Craigie (1966) the spores of B. piliformis survive heating at 56°C, but are usually inactivated at 65°C. In the present study, infected material was still infective after heating at 75°C for 20 min, a treatment which killed contaminating streptococci. The differences between these and Craigie's studies may be due to differences in strains or in the number of spores present in the suspensions. Incarceration of the spores in the heat coagulated tissue may also have prevented the recovery of the organism. Therefore the loss of infectivity may be based upon a physical immobilization more than upon a heat inactivation of the spores (Craigie, 1966) . To prevent such incarceration trypsin was successfully used to digest the heat coagulated protein.
Yolk sac materials infected with B. pilifornus were still infective for mice and embryonated eggs after storage at -80°C for 24 days, but not after 52 days. Rights et al. (1947) found that the organism in infected mouse brain tissue and liver tissue was infective when stored at -20°C and -70°C for a few days, but not after storing at the same temperature for 14 days or more. Ganaway, Allen & Moore (1971b) found yolk sac suspensions infective after storage at -70°C for 4,5 years and after 2 years at 23°C. The differences between the results of Ganaway et al. (1971b) and the results in this report may have been due to a higher number of spores in the studies by Ganaway et al. Craigie (1966) found that a minimum of at least 50-100 spores were required to infect 50% of the inoculated eggs.
The infectivity of the organism was maintained when infected liver tissue was stored in liquid nitrogen for more than a year. The best results were obtained by placing small pieces of liver in plastic tubes directly in the liquid nitrogen immediately after the liver was removed from the mouse. This observation is in accordance with Savage & Lewis (1971) , who demonstrated that intact liver or suspensions containing high concentration (50 % wJv) of liver from infected mice were infective after storage in liquid nitrogen for 6 months.
